1/85 




2/85 




3/85 




GAP DISTANCE BIAS POWER 

FIG. 3 FIG. 4 




SOURCE POWER CHAMBER PRESSURE 



FIG. 5 FIG. 6 



F 




Ar PARTIAL PRESSURE 



FIG. 7 



4/85 



F 

SPECIFIC 
NEUTRAL 
FLUX 



INDUCTIVE 
PROCESS 
WINDOW 



CAPACITIVE 
PROCESS 
WINDOW 




PRESENT 
INVENTION 



+ 



+ 



50 100 



900 



FIG. 8 



SOURCE POWER 



5/85 



190 




6/85 




7/85 




8/85 




9/85 



1320 




10/85 




11/85 




12/85 



^ o 




14/85 




15/85 




16/85 

175 




180 



180 



17/85 



2120 



1850 

Jl. 



110 




21 10 



k\\\\\K\\\\\\\\\\\\\\^\\\\N 



\ 
\ 
\ 
\ 



135- 



115 120 



\ 
v 



\ 
\ 
\ 
\ 
\ 



•105 



PUMP 



FIG. 21 



180 



2120 




k\\\\\\\\\\\\\\\\\\\\i;\K\\\ l 



— \ 

\ 
\ 
\ 

135 — [ 



r 



115 



120 



N 



110 



\ 
\ 
\ 
\- 
\ 



\ 



•105 



PUMP 



FIG. 22 



18/85 




19/85 




20/85 




21/85 




23/85 




24/85 




26/85 




27/85 

2980 




± FIG. 31 A 




28/85 




29/85 




31/85 

cd 
in 




32/85 




33/85 




FIG. 37 



34/85 




FIG. 38 



35/85 



ctf 




36/85 




FIG. 40 



37/85 




FIG. 41 



38/85 



9 9 




FIG. 42 



40/85 




41/85 



110 



4479 
4430 \ 4440 



4490 



4479b- 
4479a- 
4460 
4450 

41 1 1- 





GAS 


SUPPLY 


1-1 


GAS 


SUPPLY 




4480a 



4482-2 



4481 



210 



4440-2 4482-1 



FIG. 45 



•4492 

•4483b 



4482-4 



4482-3 



4470 



4470 



4470 



4477- 



•4475 



4476- 



4478- 



FIG. 46 FIG. 47 FIG. 48 



42/85 



4484-1 4484-2 



^ II II II, 
II II 


' ii ii i H ii ii 

m 


\Sr hr V St 1 


ggUU UUUUUUUU^ 



4485 



FIG. 49 



4487 4485 




4486 



FIG. 50 



43/85 



Normalized Bx and Bz in the y=0 plane WAFER PLANE 



(b 



I 
I 



T / /* Sf sr. 
? J* S* ^r^*. 



^^^^ \ \ \ V,ViViVi\\\ViVi\Vi\ 



SHOWERHEAD PLANE 



norm_x • u norm_z 



FIG. 51 



□ Br measured=7 gauss at wafer plane, lin. off-center (peak) 

0.003- 



B(x01,y0,0.0375,0) 
B(x01,y0,0. 0575,0) 



0.002- 



0.001 



Br at she 


>werhead pi 


ane 










\Br at 


wafer plane 


0 0. 


05 0 
xOl 


.1 0.1 



FIG. 52 



RADIUS (meter) 



44/85 



5310 5320 5330 
Ur~AA 



Ar 



0, 



C 4 F 6 



• • • 



Z3 • • • srr 




5340 5350 5360 



At 



Or 



C 4 F 6 



4490- 



•4492 



FIG. 53 



• • • 



J IZ3 • • • Z—J 



5310 5320 5330 



5440 




5444 



FIG. 54 



4490- 



•4492 




45/85 



m W H 



•150 



155,160 



110 

4- 



100 



5520 



5505 




5510 




FIG. 55 A 



155,160 



5520 






5520 



FIG. 55B 



46/85 



150 




FIG. 56 A 




120 



FIG. 56C 



47/85 



5510a . 

5510 / \ ^ 5510' 



FIG. 57 FIG. 58 





49/85 




FIG. 62 



50/85 




FIG. 63 




6020 

FIG. 64 



51/85 




FIG. 65B 



52/85 



150-1 




FIG. 66 



53/85 



6750 



MERIE MAGNET 
CURRENT CONTROLLER 



6720 




FIG. 67 



54/85 



6920 




FIG. 68 




6930 



FIG. 69 



55/85 




56/85 



1015 




7120 




FIG. 71 A 



7010a 



71 10 



7010f 



7010b 



1015 



FIG. 7 IB 



7010c 




7010d 



7010e 



57/85 




58/85 





FIG. 76 



59/85 




60/85 




61/85 




62/85 



TARGET 
VOLTAGE 



lmsec 



FIG. 80 A 




IjLLSeC * 



FIG. 8 OB 



FIG. 80C 




63/85 




FIG. 81 B 




*► VOLTAGE 



J I0N SATURATION 



FIG. 81 C 



-VDC 



PULSE 
VOLTAGE 



64/85 




65/85 



FIG. 82 A 
FIG. 82B 






FIG. 82C 
FIG. 82D 





FIG. 82E 
FIG. 82F 




FIG. 82G 
FIG. 82H 







PUSH PULL 



PUSH PULL 







IN SYNC 



IN SYNC 





SYMMETRIC 



SYMMETRIC 





NON- SYMMETRIC 



NON-SYMMETRIC 




PUMP 



FIG. 83 A 



8070 



8075- 



8045 

L- 



CONTROLLER 



DOPANT 
GAS SUPPLY 



8015' 



8017- 




8035- 



PUMP 



Z 

MATCH 



8060 



3- 



z 

MATCH 



FIG. 83B 




8055 




•8070 



8065 



8075 

-4- 



CONTROLLER 



67/85 




68/85 




69/85 



8015 



8048 




FIG. 86 



8045 



DOPANT GAS SUPPLY 



8430 




8442 



MAGNET CURRENT 
SUPPLY AND CONTROL 



8048-1 



FIG. 88 



70/85 




89B 



89B 



8442 

I 



MAGNET 
CURRENT SUPPLY 
AND CONTROL 




8020- 



/ 
'/ 
/ 
/ 
/ 
/ 
A 



160 



8140 



8035- 



/ 



PUMP 



Z2IZZZ 



8015 



\/; // // 



Z MATCH 



1 



FIG. 89 A 



8070 




8015- 



160 




8048-2 



■160 



8048-4 



8048-3 



FIG. 89B 



72/85 



8442 

I- 



8464 



8462 



CONTROLLER 




FIG. 90 A 



8442 

I- 



8464 



CONTROLLER 



4 



8462 





/ 








/ 


















/ 
/ 




/ 
/ 
/ 
/ 

/ 




































/ 




















/ 




















/ 
/ 























FIG. 9 OB 



8442 



8464 



CONTROLLER 



L 



8462 













/ 
















/ 
/ 




/ 




















/ 
/ 
/ 
/ 


















/ 




















/ 




















/ 
/ 




/I 



















FIG. 90C 



73/85 



8025- 



WAFER PEDESTAL 



8510 




8525 



■8530 



CONTROLLER 



J L 



FIG. 91 




8520 



VOLTAGE 
A 



0 




•►TIME 



threshold 



FIG. 92 



74/85 




8676 



8070 

1 



IMPLANT 
THRESHOLD 
VOLTAGE 



8674- 



1 VOLTAGE 

PEAK 
DETECTOR 



< 



Z MATCH 

"T 



r 



8686 8688 



8065 

POWER t 
SET LEVEL 

8694 



8670 



f~\j ^ON/OFF 




8672 



THRESHOLD 



TIMER 




ENABLE 



VOLTAGE 
CONTROL 
LOOP 8682 



8680 -~| CO ™ R LOOP , 
8696 1 



PWR 


SWITCH 






SWITCH 








ENABLE 



PWR 
< 



8690 

I 



PWR-TO -VOLTAGE 
LOOK-UP TABLE 



T 



TARGET BIAS VOLTAGE 



FIG. 93 



PROCESS CONTROLLER 



•8684 



75/85 



8037 



9430 




PROCESS 
CONTROLLER 



I 



VACUUM 
FLAP 
CONTROLLER 



FIG. 94 



9440 



9412 




9410a 



9410 9440 

FIG. 95 

9410 9440 9430 



9420a 



9412 



9430 



FIG. 96 




9756 9754 




FIG. 98 



77/85 



9920 

I 



CHAMBER 
CLEAN 
RADICAL 
SOURCE 



9958 



PLASMA 
IMMERSION 

ION 
IMPLANTER 



9930 



RTP/DSA 
ANNEAL 
CHAMBER 



9910 



8075 



PLASMA 
IMMERSION 
ION IMPLANTER 



9945 





PROCESS 
CONTROLLER 


1 


1 

9950 





OPTICAL 
METROLOGY 




9956 



WET 
CLEAN 
CHAMBER 



9940- 



ION BEAM 
IMPLANTER 



PHOTORESIST 
STRIP/CLEAN 
CHAMBER 



9952 



FIG. 99 



78/85 



ELECTRON 
DENSITY 



Ve 



FIG. 100 




INDUCTIVE 
SOURCE 

TORROIDAL 
SOURCE 



Pth r iCP 
POWER 



FREE 
FLUORINE 
DENSITY 



FIG. 101 




TORROIDAL 
SOURCE 



— I 1 — 

Pth p dis 
POWER 



PLASMA i v I 



POTENTIAL 



FIG. 102 



CAPACITIVE 




POWER 



79/85 




80/85 



l.E+22 



l.E+21 



1.E+20-- 
B(atom/cm A 3) 

1.E+19 + 




l.E+16 



FIG 104 



40 60 
DEPTH (nm) 



100 



l.E+23 



1.E+22-- 



CONCENTRATION 
(a/cm 3 ) 



l.E+21 -- 



1.E+20-- 



1.E+19-- 



l.E+18 



0 



FIG. 105 



BEAM+DSA 
HD P3i+DSA 




5 10 15 
DEPTH (nm) 



81/85 



10000 ±r 



Rs(ohm/sq) 



100 





A 








; / 


/ \ 
/ \ 

B 


s. 







50 150 250 350 450 550 



FIG. 106 



Xj ® lE18/cm 3 (A) 



lE+23¥ 



1E+22!! 



1E+21 
B COMCENTRATION 
(cm-3) 

1E+20 



1E+19!! 



1E+18 




FIG. 107 



100 9 200 

DEPTH (A) 



300 



1 



82/85 



o 
o 




83/85 



9964a 



9964 



9966 
9972 




4- 



9962 



9964b 




9966 
9973 



~7 



9960 



n 



FIG. 109 




FIG. 110 



84/85 



IMPLANT P-WELL AND N-WELL REGIONS 



DEPOSIT BLANKET GATE OXIDE AND GATE POLY LAYERS 

i 



EXPOSE N-WELL REGIONS AND MASK P-WELL REGIONS 



± 



IN Pffl REACTOR, IMPLANT BORON (P-CHANNEL GATE IMPLANT) 



9980 
9981 
9982 
9983 



FORM P-CHANNEL GATE LITHOGRAPHY AND 
ETCH TO DEFINE P-CHANNEL GATES 



i 



IN PHI REACTOR, IMPLANT BORON 
(SOURCE AND DRAIN EXTENSION IMPLANT) 

1 ~ 



9984 



9985 



9986 



9987 



9988 



IMPLANT ARSENIC OR PHOSPHORUS UNDER GATE EDGES (HALO IMPLANT) 



± 



FORM SPACER LAYER OVER P-CHANNEL SOURCE AND DRAIN EXTENSIONS 



IN PHI REACTOR, IMPLANT BORON (SOURCE AND DRAIN CONTACT IMPLANT 



J. 



EXPOSE P-WELL REGIONS AND MASK N-WELL REGIONS 



■9992 
■9993 



IN BEAM-LINE TOOL, IMPLANT ARSENIC (N-CHANNEL GATE IMPLANT) 



FORM N-CHANNEL GATE LITHOGRAPHY AND 
ETCH TO DEFINE N-CHANNEL GATES 

I 



IN BEAM- LINE TOOL, IMPLANT ARSENIC 
(SOURCE AND DRAIN EXTENSION IMPLANT) 



•9994 



■9995 



IMPLANT BORON UNDER GATE EDGES (HALO IMPLANT) 



•9996 



9997 



FORM SPACER LAYER OVER N-CHANNEL SOURCE AND DRAIN EXTENSIONS 



± 



IN BEAM-LINE TOOL, IMPLANT ARSENIC 
(SOURCE AND DRAIN CONTACT IMPLANT) 



± 



IN PHI REACTOR, IMPLANT PHOSPHORUS 
(SECOND N-CHANNEL GATE IMPLANT) 



-9998 



•9999 



FIG. Ill 



85/85 



PRE-IMPLANT CHAMBER CLEAN 



P RE-IMPLANT CHAMBER PASSIVATION 



PRE-IMPLANT WAFER CLEAN 



PRE-IMPLANT WAFER AMORPHIZING 



PRE-IMPLANT SURFACE ENHANCEMENT 



IMPLANT BORON DOPANT 



CO-IMPLANT PROCESSES 



POST IMPLANT SURFACE ENHANCEMENT 



ANNEAL 



POST IMPLANT WAFER CLEAN 



POST IMPLANT WAFER PASSIVATION 



I 



POST IMPLANT CHAMBER CLEAN 
(REMOVE PASSIVATION FROM CHAMBER) 



•9001 



■9002 



9003 



•9004 



•9005 



•9006 



■9007 



•9008 



•9112 



•9009 



•9010 



■901 1 



FIG. 112 



